1
H-NMR was performed as reaction control (see Figure S2 ), indicating a conversion of 97.3 %, whereby the byproduct formed represented nitromethylcobaltocenium hexafluoridophosphate. Note 1: Any attempt to vary the parameters, such as the solvent (e.g. nitroethane or 2-nitropropane), the stoichiometry or the temperature program, lead to significantly inferior results. Dichloromethane and small amounts of water were added and the product was extracted with CH2Cl2. The aqueous phase was removed and the organic layer was extracted one more time with a small amount of water. The organic phase was dried with sodium sulfate, the drying agent was filtered off and the solvent was removed on a rotary evaporator. 5 mL of acetone was added, dissolving the reddish byproduct nitromethylcobaltocenium hexafluoridophosphate with the aid of ultrasound. The procedure was iterated three times until 2 was obtained as a crystalline ochre powder. Note 2: Any other work-up procedure (e.g. chromatography, RPC, precipitation, recrystallization from acetone or water, etc.) caused inferior results concerning yield or purity, respectively. Drying in vacuo afforded 0.044 g (0.095 mmol) of 2, representing a yield of 48 %. Compound 2 is highly air-, thermo-and water stable. It is soluble in dichloromethane, acetonitrile, methanol, nitromethane, dimethylsulfoxide and water. . 2 crystallizes readily out of acetonitrile as large crystals of millimeter dimensions that lend themselves for X-ray crystallographc structure determination, mp: >300 °C (dec). Completeness to theta = 25.242° 100.0 % C (11) C (12) C (13) C (10) C (6) C (1) C (2) C (4) C (3) C (7) C (5) C (9) C (8) S7 
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Trichloridocobaltoceniumylgold(III) (3). A Schlenk flask was charged with 5 mL of nitromethane (abs), 0.050 g of 1 (0.099 mmol, 1 equiv.), 0.049 g of (PPh3)AuCl (0.099 mmol, 1 equiv.) and 0.014 g of KCl (0.198 mmol, 2 equiv.). The reaction mixture was stirred at room temperature overnight. The solvent was removed on a rotary evaporator and the yellow product was dissolved in small amounts of cold methanol, thus separating white solid byproduct. Figure S8 . X-ray single crystal structure analysis of 3.
Crystallographic data
[491.44] C10H9CoAuCl3 S13 Table 7 . Crystal data and structure refinement for 3.
Identification code bi64
Empirical formula C10H9AuCl3Co
Formula weight 491.42 (1) 5906 (1) 3481 (1) 6274 (1) 25 (1) Co (1) 2230 (1) 1925 (1) 5869 (1) 24 (1) Cl (1) 7579 (1) 5096 (1) 6876 (1) 37 (1) Cl (2) 5002 (1) 3191 (1) 7891 (1) 47 (1) Cl (3) 6771 (1) 3722 (1) 4651 (1) 44 (1) C (1) 779 (4) 3383 (4) 5518 (3) 43 (1) C (2) -13 (4) 2201 (4) 5587 (3) 44 (1) C (3) 213 (4) 1705 (4) 6577 (3) 44 (1) C (4) 1138 (4) 2582 (4) 7119 (3) 40 (1) C (5) 1492 (4) 3619 (3) 6463 (3) 38 (1) C (6) 3816 (4) 1979 (3) 4774 (2) 30 (1) C (7) 2994 (4) 792 (3) 4718 (3) 35 (1) C (8) 3190 (4) 145 (3) 5667 (3) 35 (1) C ( 
0.9500 
____________________________________________________________________________________
Au (1) 22 (1) 28 (1) 26
Co (1) 22 (1) 26 (1) 25 (1) 1
Cl (1) 31 (1) 41 (1) 38(1)
Cl (2) 54 (1) 51 (1) 35
Cl (3) 41 (1) 56 (1) 36 (1) -2(1) 6(1) -11 (1) C (1) 35 (2) 51 (2) 43 (2) 16 (2) 10 (2) 20(2)
_____________________________________________________________________________________ S18 
S19
Cobaltocenium selenolate (5a): All transformations were conducted using Schlenk techniques under argon atmosphere. 0.039 g of freshly prepared Na2Se (0.305 mmol, 1.5 equiv.) 4 was suspended in 15 ml of dry THF. 0.090 g iodocobaltocenium iodide 1 (0.204 mmol, 1 equiv.) was added and the mixture was stirred at ambient temperature overnight. The colour changed from brown to intense violet. For purification via Schlenk filtration the reaction mixture was directly poured on a short column of neutral aluminium oxide and thoroughly washed with dry THF. Note 6: 5a adsorbs red on Al2O3. Intense violet 5a was eluted with several portions of dry CH3CN until the eluate was nearly colourless. CH3CN was evaporated in vacuo and 5a was obtained in nearly quantitative yield. Note 7: Traces of unsubstituted cobaltocenium salt (~3% estimated by 1 H-NMR) and dicobaltoceniumyl diselenide (far below 1%; due to partial oxidation of 5a) were found as impurities. 
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Crystallographic data Figure S14 . X-ray single crystal structure analysis of 5a. Table 13 . Crystal data and structure refinement for 5a.
Identification code bi119
Empirical formula C10H9CoSe
Formula weight 267.06 (1) 7004 (1) 5538 (1) 28 (1) Co (1) 7157 (1) 5714 (1) 2364 (1) 16 (1) C (1) 9533 (3) 5164 (2) 1762 (2) 27 (1) C (2) 8074 (3) 4869 (2) 796 (2) 28 (1) C (3) 7207 (3) 5838 (2) 317 (2) 28 (1) C (4) 8119 (3) 6733 (2) 980 (2) 28 (1) C (5) 9564 (3) 6316 (2) 1868 (2) 28 (1) C (6) 7007 (3) 5022 (2) 4200 (2) 21 (1) C (7) 5494 (3) 4721 (2) 3284 (2) 24 (1) C (8) 4577 (2) 5692 (2) 2848 (2) 25 (1) C (9) 5510 (2) 6586 (2) 3497 (2) 22 (1) C (10) 7003 (2) 6182 (2) 4395 (2) 19 (1) ________________________________________________________________________________ S24 
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Se-cobaltocenium selenolate (5b): The same procedure as for 5a was applied, however, Na2
77
Se was synthesized from 0.010 g of 99.5% enriched 77 Se (0.130 mmol, 1,1 equiv.) and 0.012 g of sodium (0.520 mmol, 4 equiv.), accompanied by 10 mol% of naphthalene in dry 1,4-dioxane. Note 9: Highly stable isotopically pure 77 Se was freshly ground and required an excess of sodium, concomitant with a more cumbersome synthesis (72h ultrasound and 24h reflux in dry 1,4-dioxane), compared to its naturally occurring analogue, 4 obtained as fine powder. The excessive amount of sodium was consumed most likely as a result of selenium dioxide, formed during the grinding process. 5b was obtained in nearly quantitative yield. Note 10: Unsubstituted cobaltocenium salt (~10% estimated by 1 H-NMR) and dicobaltoceniumyl diselenide (far below 1%; due to partial oxidation of 5a) occurred as impurities. The NMR solvent was afore purified and degassed. 
PF6
-in THF was used as the supporting electrolyte. Referencing was done with addition of an appropriate amount of ferrocene (Cp2Fe) as an internal standard to the analyte solution after all data of interest had been acquired. Representative sets of scans were repeated with the added standard. Electrochemical data were acquired with a computer controlled BASi CV50 potentiostat.
Spectroelectrochemistry (in THF, NBu4 + PF6 -, 0.1 M at r. t.) was performed with an optically transparent thinlayer electrochemical (OTTLE) cell was home-built and followed the design of Hartl et al. 5 It comprised a Pt working and counter electrode and a thin silver wire as a pseudoreference electrode sandwiched between two CaF2 windows of a conventional liquid IR cell. The working electrode is positioned in the center of the spectrometer beam. 
Results Electronic Structure Investigation

Singlet-Triplet Splitting
Singlet-triplet relative energy splittings of fully optimized NHC and CcC were calculated. While we found that CcC shows a significantly smaller singlet-triplet gap as NHC as may be seen from Table S19 , individual values depend on the basis set, and more importantly, on density functional employed. The singlet-triplet splitting decreases if a density functional with Hartree-Fock type exchange as the PBE0 density functional with 25% HF exchange is used. Empirical dispersion corrections (denoted as BJ) exert only a minor influence on the energy splittings implying structural effects to be small. Table S19 . Singlet-triplet splitting in kcal/mol of the fully optimized NHC and CcC structures.
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Structural Parameters
Structural parameters of the ligand CcC and the complex (CcC)Au(CN)3 (both depicted in Figure S27 ) are listed in Table S20 and S21. These include Co-C and C-C bond lengths, selected bond angles and dihedrals. In the case of CcC, the angle between the two Cp-planes (denoted as ΘCp-Cp) as well as the distance of the Co-Cp axis to the center of mass of the upper Cp (dout-of-center) were also evaluated.
Structural parameters agree well with experimentally determined values for (CcC)Au(CN)3 and small differences may be attributed to packing effects. Coordination of CcC to Au(CN)3 has only a small impact on its structural parameters and Co-C and C-C bond lengths are very similar (compare Table S20 and Table S21 ).
Concerning CcC, ΘCp-Cp and the distance of the Co-Cp axis to the center of mass of the upper Cp (dout-of-center) are very small, the two Cp rings are almost perfectly stacked on top of each other, even though the two Cp planes are slightly rotated in (CcC)Au(CN)3. Although individual pKa values depend on the density functional employed and -in the case of NHC -differ somewhat from the experimental values, CcC shows significantly higher values between 38 and 40 than NHC. Thus, it is a much stronger base in comparison. 
